The exploitation rates of eight major component fishery species, Auchenoglanis occidentalis, Brycinus nurse, Clarias gariepinus, Hemichromis fasciatus, Marcusenius senegalensis, Oreochromis niloticus, Sarotherodon galilaeus and Tilapia zillii, of gill net fishery of Bontanga reservoir, were studied from March 2004 to March 2006 based on lengthbased models. The exploitation rates (E) of A. occidentalis and H. fasciatus were 0.7 and 0.6, which exceeded the optimization (E opt ) criterion of 0.5 for sustainable exploitation of fisheries, indicating that these species were over exploited. For B. nurse and S. galilaeus, E ≈ 0.5, indicating that these species were at their maximum rates of exploitation. For C. gariepinus, M. senegalensis, O. niloticus and T. zillii, E < 0.5, indicating that these species were not over exploited. Based on the selection factor of the legal minimum gill net mesh size of 5 cm of Ghana Fisheries Act 625, the estimated mesh size for catching the eight species ranged from 9.9-19.3 cm, calling for an upward review of the legal minimum mesh size of gill nets from 5 to 10 cm for sustainable exploitation of reservoir fisheries. The adoption of minimum mesh size of gill nets of 10 cm, restriction of further entry into the fishery, control rights and community based co-management system are some management options suggested to enhance sustainable exploitation and management of the fisheries.
Introduction
Fish from rivers, reservoirs and dugouts play a vital role in the provision of fish protein to the people of northern Ghana. However, for 20 years dwindling catches from these resources have become a common knowledge. Possible reasons for the decline in catches have been attributed to over-exploitation of stocks, environmental degradation and low water levels that have impacted negatively on fish production. (Abban et al., 2002; Amevenku & Quacoopome, 2006) . Obodai & Waltia (2003) attributed the dwindling catches in Tono reservoir, the largest reservoir in northern Ghana (Irrigation Development Authority, Northern Region, Tamale, Ghana (IDA)) to poor management practices and over-exploitation. Albeit the decline in reservoir fisheries, Bontanga reservoir has high fish species richness (Kwarfo-Apegyah, 2008) . Datua (1989) undertook a 3-month survey of the fisheries of Bontanga reservoir and recorded 10 species as being of commercial importance. Kwarfo-Apegyah (2008) identified 26 fish species belonging to 19 genera in 11 families from commercial gill net fishing during March 2004 to March 2006. The high fish species richness of the reservoir is an indication for potentially high fish production with adoption of appropriate management measures. This is in agreement with the need for countries to manage their fisheries sustainably as emphasised in the 'Code of conduct for responsible fisheries ' (FAO, 1997) .
agriculture, watering of livestock and to serve as domestic water source to surrounding communities. The expanse of water created by the reservoir has also provided fisheries resource that provides livelihood opportunities to fishers in the riparian communities and migrant fishers from southern Ghana. The vegetation of the catchment area of the reservoir is degraded savanna woodland. The vegetation has been degraded through the combined effect of annual bush fires, farming, exploitation of wood for fuel, and grazing by livestock. The effect of the vegetation degradation is the exposure of the reservoir to direct sunshine and high wind speed, leading to high evapotranspiration rate; coupled with the use of reservoir water for irrigation, wide fluctuations in water level of the reservoir occur during the year. 
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Data source and analysis Fish samples were collected from gill net catches of fishermen monthly, from March 2004 to February 2006. The mesh size of the gill nets ranged from 4 cm to 7 cm. The fishermen set their gill nets by 6 p.m. and retrieved them by 8 a.m. the following morning. All fish in a sample were identified using keys provided by Leveque et al. (1992) . Each fish was measured for standard length (SL) in centimetres and weighed to 0.1 g accuracy. Monthly length frequency (SL cm) was compiled from the length measurements of fish samples. Data was grouped into classes with interval of 1.0 cm to obtain a length-frequency table, and stored in FiSAT II (Gayanilo et al.,1988) for subsequent analysis.
Determination of growth parameters (L ∞, K & t o ). Growth of the target fish species was assumed to follow von Bertalanffy growth function (VBGF), which has been shown to conform to observed growth of most fish species (Sparre & Venema,1992) . The ELEFAN 1 module in FiSAT II was used to estimate the growth parameters (L ∞ & K) of VBGF for standard length (L) at age (t) (Pauly, 1984; Sparre & Venema, 1992) : Sparre & Venema, 1992) , where L ∞ is the asymptotic length of fish, K, the growth coefficient, and t o , theoretical age at zero length. t o was calculated from the empirical equation:
Log 10 (t o ) = 0.392-0.275 Log 10 L ∞ -1.038 Log 10 K (Pauly, (1979) .
Determination of total mortality (Z).
The total mortality (Z) of the fish species was estimated using FiSAT II (Gayanilo et al.,1994 ) from linearized length-converted catch curve analysis of the length frequency data (Pauly, 1984; King, 1995) . The annual total mortality coefficient (Z) of the fish species was determined from the slope of the descending right arm of the length -converted catch curves.
Determination of natural mortality (M).
The natural mortality (M) of the fish species was determined by the empirical formula of Pauly (1980) which relates M, L ∞ K and the mean annual environmental temperature as follows: Log (M) = -0.0066 -0.279 log (L ∞ ) + 0.6543 log (K) + 0.463 log (T o C), where M = natural mortality, K & L ∞ are growth parameters from VBGF, and T o C is the annual mean surface water temperature.
Determination of exploitation rate (E).
The estimate of present values of the instantaneous fishing mortality coefficient, (F present ), was obtained by the subtraction of M from Z. The exploitation rate (E) was then computed from the equation: E = F/Z (King, 1995) .
Determination of length at first capture (Lc).
The mean length at first capture (L c or L 50% ) defined as the mean length at which 50% of the fish entering the gill nets were caught, was estimated by procedures of Sparre & Venema (1992) and Pauly (1984) , using fish catch data during the study period of two gill nets of mesh sizes 5 cm and 7 cm.
Results
.The total annual instantaneous mortality coefficient (Z) was determined for only individuals that were fully exploited (points on the descending arm of the catch curves Fig. 2a-h ). Individuals that were either incompletely recruited (points on ascending arm of the curves) or in the older age groups whose lengths were close to L ∞ (points on descending arm of the curves) were excluded from the regression analysis. 
Legend
Used for analysis Not used for analysis Points extrapolated to estimate probability of capture 
Used for analysis Not used for analysis Points extrapolated to estimate probability of capture The estimated mesh size, (L 50 / SF), for catching the species based on L 50 and selection factor (SF) of 5 cm mesh gillnet, ranged from 9.9 cm for H. fasciatus to 19.3 cm for C. gariepinus (Table  1) . This was greater than the legal minimum mesh size of 5 cm stretched diagonal length for gillnets (Ghana Fisheries Act 625, 2002) .
Discussion
Based on the E opt. = 0.5 optimization criterion of Pauly (1984), A. occidentalis and H. fasciatus, with E values of 0.7 and 0.6, respectively, were over-exploited, while B. nurse and S. galilaeus (E = 0.5) had reached their maximum exploitation rates. There is, therefore, the need to reduce the exploitation rate for sustainable exploitation and conservation. The exploitation rate could be reduced by observing three scenarios: First, by reducing the number of fishers on the reservoir. Second, by maintaining the current number of fishers and introducing withdrawal rights (Garcia, 2006) . Third, by increasing the minimum legal mesh size from 5 cm (Ghana Fisheries Act 625, 2002) to a precautionary minimum size of 10 cm bar stretched diagonally. The first option must be accompanied by finding alternative employment to fishers who may be denied access to the fishery. Fishers may not be interested in the alternative employment and the Government may not have the resources to implement such a policy.
In the introduction of withdrawal rights, consideration should be given to input rights by restricting the number of gillnet panels to one and the surface area of each panel; rather than output rights (right to take a certain catch, for example, specified proportion of annual Total allowable catch (TAC) or Individual quota or Individual transferable quota). The problems asso-ciated with this option are monitoring, surveillance and control to ensure com-pliance of regulations on input rights.
The estimated minimum mesh size to catch the fish species sustainably was 9.9 cm for H. fasciatus. Taking into conside-ration the precautionary approach to fisheries management (FAO, 1997) , the precautionary minimum size of gillnet should be 10 cm bar stretched diagonally. This suggests the need for a review of the Ghana Fisheries Act 625 that sets the minimum mesh size of gillnets at 5 cm for reservoir fisheries. Enforcing the minimum mesh size of 10 cm would enhance recruitment into the fishery more than the use of the current minimum legal mesh size of 5 cm of Ghana Fisheries Act 625, 2002. Enhanced recruit-ment would contribute to the ichthyobiomass through growth and reproduction.
It is suggested that the riparian communities be partnered in the control and management of the fisheries of the reservoir through the formation of community based co-management committees. This is because, as noted by Pinkerton (2002) , "when communities or organizations of fishers are included as partners in the planning, design and implementation of the regulations, when they participate in protecting habitat, and even more, when they are part of the drafting of the very policies which underlie management decisions, they grant full legitimacy to the regulations, and are the strongest advocates, monitors, enforcers and implementers of management decisions". Therefore, adopting control rights and community based co-management system will ensure the sustainability of the fishery as community vigilance will protect the fishery from unapproved fishing methods, exceedance of withdrawal rights, pollution of the reservoir environment by human sourced pollutants such as pesticide and faeces, and environmental degradation of the catchment area.
Introduction
Reservoirs in northern Ghana are primarily constructed to support irrigation agriculture, watering of livestock and serve as domestic water source to both urban and rural communities. The expanse of water created by the reservoirs also provides fisheries resource that ensures occupational fishing to both local and migrant fishermen from southern Ghana. In spite of the thriving fisheries in a total of about 1530 reservoirs of Ghana (National Dam Safety Unit (NDSU), 2007), very little is known about the state of the fish stocks of the reservoirs.
Bontanga reservoir, with the surface area of 770 ha, is the largest reservoir in the Northern Region of Ghana (Irrigation Development Authority (IDA), Northern Region, Tamale, Ghana). In view of its size, the reservoir has the potential of providing the largest bulk of fresh water fish among the reservoirs in the Region, granting that its fisheries are managed scientifically because of the high fish species diversity (Kwarfo-Apegyah, 2008) of the reservoir. Kwarfo-Apegyah (2008) recorded 26 fish species representing 19 genera in 11 families and potential fish yield of 67.6 kg/ ha/year in Bontanga reservoir.
The Bontanga reservoir fishery is dominated by the cichlid fishes, notably Sarotherodon galilaeus, Oreochromis niloticus and Tilapia zillii (Amevenku & Quarcoopome, 2006; KwarfoApegyah, 2008) . Exploitation of the fisheries provides employment, income and enhances the nutritional status through availability of fish protein to the communities around the reservoir (Kwarfo-Apegyah, 2008) . Although these cichlids and other fish species are exploited throughout the year by fishers, there is no information on the state of the fish stocks in respect of their level of exploitation.
As observed for other fisheries resources, sustainable exploitation of the cichlids is necessary if the fisheries are to make any significant continuous impacts on the socio-economic life of the fishing communities around the reservoir. The purpose of this study was to assess the state of the cichlid fishes that form major component of the fishery of Bontanga reservoir in the Northern Region of Ghana to provide the needed baseline information for conservation and management for sustainable exploitation of the cichlid fisheries of the reservoir.
Materials and methods

Study area
The Bontanga reservoir is situated in the Tolon/Kumbungu District of the Northern Region of Ghana, where the vegetation is degraded Guinea savanna woodland. The reservoir is located between latitude 9 o 30'and 9 o 35' N and longitudes 1 o 01'and 1 o 03' W (Fig.1) . Table 1 . Data source Sampling and data collection were undertaken monthly from March 2004 to March 2006. The major cichlids landed by artisanal fishermen were sorted into species using keys provided by Paugy et al. (2003ab) and Dankwah et al. (1999) . Each species was weighed and counted, and each fish was individually measured for standard length (SL), total length (TL) in centimeters and weight in grams. The fishermen set their gill nets by 18.00 h and retrieve the catch by 07.00 h the next morning. Therefore, unit effort of fishing was defined as one gill net set for about 12 h over night. From the measurements made the following characteristics of the three major cichlids, O. niloticus, S. galilaeus and T. zillii, were estimated.
Length composition of the catch. Monthly length frequency (total length (TL) cm) data were compiled from sampled fish length measurements and the distribution determined at 1.0 cm length intervals.
Stock assessment. The three species, S. galilaeus, O. niloticus and T. zillii, were subjected to single-species length based stock assessment, based on their length frequency distribution. The growth of each species was assumed to follow the von Bertalanffy growth function (Sparre & Venema, 1992) , which has been shown to conform to the observed growth of most fish species, which is given by the equation: & Venema, 1992) , where L t = length at age t, L ∞ = asymptotic length, K = growth coefficient and t o = theoretical age at zero length ( Pauly,1984; Sparre & Venema, 1992) . The estimate of L ∞ and K were obtained using ELEFAN 1 routine in the FiSAT software (Gayanilo et al., 1994) , while t o was computed using the equation:
Log 10 (-t o ) = -0.392-0.275 log 10 L ∞ -1.038 log 10 K (Pauly, 1979).
The total instantaneous mortality coefficient (Z) was estimated using FiSAT Gayanilo et al. (1994) by linearized length-converted catch curve analysis (Sparre & Venema,1992; King, 1995) . The estimated growth and mortality parameters were used for applying Beverton & Holt (1957) in (Sparre & Venema, 1992) relative yield-per recruit (Y'/R) analysis to estimate the maximum sustainable yield-per recruit (MSY/R) and relative biomass-per recruit (B'/R), (Sparre & Venema, 1992) .
The mean length at first capture (L c ), defined as the length at which 50% of the fish entering the gill nets were caught, was estimated by computing the selection factor (SF) of the species using catch data of two gillnets of mesh sizes 5 and 7 cm bar stretched, as described by Sparre & Venema (1992) and Pauly (1984) . L c was computed from the relationship, L c = S.F × Mesh size (Sparre & Venema, 1992; Pauly, 1984) . The ratio L c /SF that represents an estimate of appropriate mesh size for catching each species (Gulland, 1969) in Ofori-Danson (2005) was calculated.
The mean length at sexual maturity (L m ), defined as the length at which 50% of all individuals were matured, was estimated for females only for each species, since the gonad maturation stages of females were more clearly discernible than males. The gonad maturity stages of females of stage II and above was determined following procedures of Bagenal & Braum (1968) in Ofori-Danson (1999) . L m was estimated from the equation: Ln (1 -P) / P = rL + rL m, (King, 1995) where P = proportion of matured females, r = constant and L = class midpoint. 
Results
Relative abundance of the cichlids
Growth and mortality parameters
The monthly length-frequency distribu-tions fitted with growth curves by ELEFAN 1 programme of FiSAT II (Gayanilo et al., 1994) , are presented in (Fig. 3) . On annual basis, the growth of the three species was described by the following von Bertalanffy growth equations:
Oreochromis niloticus: 
Relative yield-per recruit (Y'/R) and relative biomass-per recruit (B'/R)
The relative yield-per recruit against exploitation rate (E) plots (Fig. 4a-c) indicated that the present exploitation rates (E present ) < the maximum exploitation rate (E max ) that could be applied for sustainable exploitation of fisheries, suggesting that E present could be increased for all the three species without over-exploiting them. For O. niloticus, the relative Biomass-per recruit against exploitation rate plots associated with the relative yield-per recruit against exploitation rate plots showed that E present < E 0.5 (the exploitation rate at which 50% of biomass of the recruit is fished) (Fig.  4a) , suggesting that the current exploitation rate did not impact adversely on the recruitment into the fishery as less than 50% of biomass-per recruit was exploited. However, in the case of S. galilaeus, E present > E 0.5 (Fig. 4b) , indicating that, at the current rate of exploitation, there was the threat of growth over fishing as > 50% of biomass-per recruit was fished. For T. zillii, E present = E 0.5 (Fig. 4c) , indicating that 50% of the biomass-per recruit was exploited, suggesting that further increase in E present would pose a threat of growth over fishing.
Figs. 4a-c. Relative yield-per recruit (Y'/R) and Biomass-per recruit (B'/R) plots for a) O. niloticus, b) S. galilaeus and c)
T. zillii at varrying exploitation rates in The exploitation rate (E) of O. niloticus and T. zillii of 0.29 (Table 2) suggested that these species were under exploited while the value of 0.48 (≈ 0.5) indicated that S. galilaeus had reached its maximum rate of exploitation according to the optimization (E opt ) criterion of E = 0.5 of Pauly (1984) for sustainable exploitation of fisheries. The relative yield-per recruit against fishing effort plots ( Fig. 5a-c) , indicated that the present fishing effort (F p r es e nt ) < F M S Y / R (the fishing effort required to obtain the maximum sustainable yield-per recruit for all the three species. This suggested that F present could be increased to obtain higher catches.
The estimated mesh size of gill net (L 50 /SF) for catching the species ranged from 9.88-13.85 cm, bar stretched diagonally ( Table 2 ), suggesting that the legal minimum mesh size of 5 cm, prescribed by the Ghana Fisheries Act 625 (2002), was too small for healthy exploitation of the species. The longevity (t max ) of 5 and 5.2 years (Table 2) of O. niloticus and T. zillii indicated that these species were relatively short lived while S. galilaeus, with t max value of 10.0 years had relatively longer life span.
Discussion
O. niloticus, S. galilaeus and T. zillii were fully recruited to the fishery at sizes of 5.54 SL cm, 4.9. SL cm, and 4.7 SL cm, respectively. Therefore, a large proportion of the species sampled were in the small size category range of 2-12 cm of fresh water fishes of Africa (Pauly, 1995) . The asymptotic lengths of 23.6 SL cm, 36.8 SL cm and 21.53 SL cm of O. niloticus, S. galilaeus and T. zilli, respectively, were relatively smaller than that reported in other reservoirs. For example, OforiDanson (1999) The smaller values of the asymptotic length of the major cichlids in this study suggest possible stunting of the species in Bontanga reservoir. Iles (1970) reported that tilapias (Cichlidae) with normal growth usually attain asymptotic length of ≈ 35 cm and an average maturity -length ratio (L m /L ∞ ) of 0.70. In this study the L m /L ∞ ratio of the major cichlids ranged from 0.19-0.39, which fell below 0.70 for normal growing tilapias (1les, 1973) , indicating further the possible stunting of tilapias in Bontanga reservoir. Stunting of tilapia populations have been attributed to high natural mortality rates resulting from intense predation by birds and reptiles in some water bodies (Iles, 1973; Amarasinghe et al., 1989) .
The mortality of the cichlids in Bontanga reservoir was largely attributed to fishing activities. The low natural mortality rates ranging from 0.7-1.4 of the major cichlids in this study was attributed to the absence of strict piscivorous fish species such as Lates niloticus in the reservoir; only facultative piscivores, Clarias anguillaris, C. gariepinus, Hemichromis fasciatus and Malapterurus electricus, have been identified in the reservoir (Kwarfo-Apegyah, 2008 (Baijot et al.,1997) indicates that O. niloticus grows at a faster rate (about 1½ times) in Bontanga reservoir than Tapoa reservoir but obtains an asymptotic length that is about 1½ times less than that in Tapoa reservoir. Because the O. niloticus in Bontanga reservoir have short life span of about 5 years, they would be expected to reach the asymptotic length at a faster rate. Iles (1973) noted that stunted tilapia populations display characteristically high relative growth rates and attains a smaller L ∞ than normal populations.
The growth rates of the three cichlids have implications in their suitability for culture. Although S. galilaeus grows to a larger asymptotic size than O. niloticus and T. zillii, the faster growth rate of O. niloticus and T. zillii of 0.58 and 0.60 year -1 , respectively, has earned the former the preference as an aquaculture candidate among the three cichlids. The growth rates of O. niloticus (K = 0.58 yr -1 ) and T. zillii (K = 0.60 yr -1 ) are almost similar; the former grows to a larger asymptotic length than the latter, giving O. niloticus the preference over T. zillii as a culturable species. Huet (1970) cited fast growth rate as one of the biological attributes for selecting a fish species for culture, hence the popularity of O. niloticus for culture world wide.
The length at first capture (L 50% ) values obtained, ranging from 4.9-5.5 SL cm in this study for the minimum legal mesh size of 5 cm bar stretched (Ghana Fisheries Act 625, 2002) , were considered small. For the purpose of conserving the fishery, cichlids larger than the present L 50% should be captured. This strategy could, however, lead to recruitment over fishing (Pauly et al.,1989; Sparre & Venema, 1992) because of decline in larger spawning species. Therefore, it may be reasonable to increase the L 50% by increasing the minimum legal mesh size of gillnet, taking into consideration the danger of spawning stock depletion.
The strategy could be applied by enforcing the estimated minimum precautionary mesh size of 10 cm for catching S. galilaeus, H. faciatus and B. nurse in the reservoir (Kwarfo-Apegyah, 2008) , based on selection factor of the legal minimum mesh size of 5 cm (Ghana Fisheries Act 625, 2002) . This calls for an upward review of the Ghana Fisheries Act 625 (2002) of the minimum mesh size of gillnets for Bontanga reservoir fisheries and, by extrapolation, all reservoir fisheries in Ghana from 5 to 10 cm, for conservation and sustainable exploitation.
The Y ' /R curve indicates that present level of exploitation (E present ) of the species lie to the left of E max , indicating that the current exploitation rates of the species appear inadequate for maximal utilization of the stocks. However, the B'/R curve of S. galilaeus indicates that at E present , > 50% of biomass-per recruit were fished, a situation that could lead to growth over fishing. Therefore, by enforcing the precautionary minimum mesh size of 10 cm, L 50% would increase and allow the survival to fishing of more reproductive adults to spawn to replenish the stocks.
The F MSY/R was higher than F present for all the species, suggesting that bigger yields could be expected by increasing F present . However, in view of the low natural mortality rate ranging form 0.7-1.41, it is ecologically worthwhile to allow the fish to grow to larger size to contribute to the biomass which means that, for biologically optimum exploitation, F should be low (Sparre & Venema, 1992) . Therefore, it is prudent to restrict further entry into the fishery rather than to increase F present . Restriction of further entry into the fishery, adoption of closure measures and enforcement of precautionary minimum mesh size of 10 cm of gill nets will enhance recruitment, and ensure conserva-tion and sustainable exploitation of fish stocks of the reservoir. 
